Background: The inappropriate use of drugs due to irrational prescriptions is a common problem in Iran, but there is little evidence of prescription patterns in rural family physicians. This study aimed to explore the prescribing pattern and rational drug use indicators for family physicians using Index of Rational Drug Prescribing (IRDP) in Kermanshah Province, Iran. Methods: In this retrospective study, 352,399 prescriptions from 184 family physicians in 103 primary health care (PHC) centers were examined. As stated, an analysis was done for rational use indicators suggested by World Health Organization (WHO): e.g., the percentage of prescriptions containing antibiotics, injections, and those prescribed by a generic name and from a national essential medicine list, plus the average number of drugs per prescription; these factors were all taken into account. Rational drug use was studied with the IRDP. Results: The average number of drugs per prescription was 3.14 (± 1.2) and the average cost per prescription was 116,740 IRR (USD 3.6). Around 19% of prescriptions had more than four drugs, while the percentage of prescriptions involving antibiotics and injections was 52.1% and 24.4%, respectively. There was 95.1% drugs prescribed by their generic name and 95.9% were retrieved from the essential drugs list. The value of the IRDP was 3.70 out of 5. Conclusion: The findings of this study showed that some degree of irrational drug prescribing exists among family physicians, especially in terms of injections, antibiotics, and polypharmacy. It is recommended that there be continuing education programs for physicians regarding rational prescribing for different kinds of medical indications. Clinical practice guidelines should also assist with the rational use of medicine.
Background
Medications play an important role in health and can help cure disease and relieve pain, if properly used [1] . Drugs are expensive and account for 25% of all health care expenditures [2] , thus, their rational and efficient use is essential. The appropriate use of medicines can achieve better and safer health care for patients and communities [3, 4] .
The World Health Organization (WHO) has defined the rational use of drugs as "patients receive medications appropriate to their clinical needs, in doses that meet their own individual requirements, for an adequate period of time, and at the lowest cost to them and their community" [5] . Therefore, in collaboration with the International Network for Rational Use of Drugs (INRUD), the WHO has developed a set of indicators for measuring the rational use of drugs in primary health care settings and enable comparisons between health facilities including the average number of drugs prescribed per prescription, the percent of drugs prescribed by generic name, the percent of drugs prescribed from the essential medicines list, the percent of prescriptions containing an antibiotic, and the percent of prescriptions containing an injection [6] .
The World Bank estimates that 20-50% of healthcare costs in developing countries are spent on medicines and medical equipment [4] . The WHO estimates that about half of the prescribed medicines are used irrationally [1, 7, 8] . Inappropriate, inefficient, and uneconomic use of drugs is a serious problem and usually occurs in healthcare facilities. This ultimately leads to adverse effects for patients [4, 8, 9] . Irrational drug use includes over-and under-prescribing, polypharmacy, lack of indication, inappropriate use of antibiotics, overuse of injections when oral formulations are more appropriate, unreasonable use of expensive drugs, use of brand drug instead of generic drugs, prescription of drugs against clinical guidelines, and self-medication [3, [10] [11] [12] [13] .
The consequences of irrational prescribing include delays in proper diagnosis and treatment, reduced drug effects, increased side effects, drug resistance, elimination of sources of medicines, increased out-of-pocket payments, dissemination of misconceptions in the common societal culture, reduced patient confidence in the healthcare system, prolonged disease state and even mortality in chronic diseases such as diabetes, hypertension, epilepsy and neurological disorders [3, 4, 8, 14] . Excessive and inappropriate use of antibiotics is a serious threat to the spread of antibiotic resistant bacteria and blood borne infections such as hepatitis and HIV that are transmitted by unsafe injections [4, 8] .
Medicines are used less rationally in developing countries than other countries. For example, in Sudan, the use of antibiotics and injections is high but the use of generic drugs is low [9] . In China, 2,500,000 patients per year are strongly influenced by drug side effects. Other problems documented in China, especially in underdeveloped rural areas, include misuse of antibiotics, overuse of injections, inadequate treatment of serious diseases and self-medication [8] .
The inappropriate use of drugs due to irrational prescriptions is a common problem in Iran and needs to be controlled [11] . The per capita use of medicines in Iran is high due to drug use culture and the relative cheapness of products. Use is four times the global average [15] . Studies in Iran have shown irrational use of medicines [10, [16] [17] [18] , but none of them have used the IRDP. This study focused specifically on rural physicians, where access to healthcare is limited and the family physician is the main source of service provision and all prescribed drugs from essential drug list are covered by the insurers. Therefore, they may have a different prescribing pattern than other doctors. A family physician program started in 2005 to promote health and improve the referral system in rural areas and cities with less than 20,000 populations in Iran. Here, 18% of the program's budget is allocated for the preparation of pharmaceutical items. The family physician framework outlines controlled drug use.
Inappropriate use of drugs is likely to cause harm to both patients and health systems and therefore, policymakers and physicians should understand it and try to reduce it [19] . The key steps for correcting and limiting the irrational use of drugs are to determine the type, amount, and reasons for irrational use [5] . Monitoring the prescribing pattern is the first step. One can then identify appropriate strategies for intervention. Studies of prescribing patterns can provide valuable information about the prescribing behavior of physicians and indicators of irrational drug use. This is useful to managers and policy makers. Therefore, this study explored the prescribing pattern and rational drug use indicators of rural family physicians in Kermanshah province, Iran. Kermanshah province has a population of over 1,952,000 people and is located in Western Iran with a rural population of 478,000 [20] . The population lives in 14 counties and has 184 family physicians (102 males and 82 females) in 103 PHC centers. Each PHC center has one or two family physicians that can visit and examine the patients, prescribe medicines and in some cases, refer them to the hospital.
Data analysis was performed using rational use indicators suggested by the WHO [6] : percentage of prescriptions containing antibiotics (optimal: below 30%), percentage of prescriptions containing injection (optimal: below 10%), percentage of drugs prescribed by generic name (optimal: 100%), percentage of drugs prescribed from national essential medicine list (optimal: 100%), and the average number of drugs per prescription (optimal: below 4 items).
Rational drug use was assessed using a measure called Index of Rational Drug Prescribing (IRDP) that has been developed and used in previous studies [3, 4, 8, 9] . Five indicators are used to calculate the IRDP. The optimal level of all five indicators is 1. Values closer to 1 indicate more rational use. Rational use of antibiotics index was calculated by dividing the optimal level (30%) by the percentage of prescriptions containing an antibiotic. The safety injection index was calculated by dividing the optimal level (10%) by the percentage of prescriptions containing an injectable drug. The generic name and essential medicine list indexes were measured via the percentage of drugs prescribed by generic name and the percentage of drugs prescribed from the national essential medicines list. A polypharmacy index was calculated by the percentage of prescriptions with less than four drugs. Finally, the IRDP was calculated by compounding all five prescribing indexes.
According to the Central Bank, the Iranian Rial (IRR) exchange rate to the dollar was (1.00 USD = 32,422 IRR) in 2016-17 [21] . Data analysis was performed using the SPSS.21, and findings were reported as percentages, means, and standard deviations.
Results
Based on our findings, the average number of drugs per prescription was 3.14 (± 1.2) and the average cost per prescription was 116,740 IRR (USD 3.6). The results of irrational medicine use are shown in Table 1 . Fifteen percent of prescriptions had one drug, and around 18.8% had more than four drugs. The maximum of drugs in a prescription was 12. The percentage of prescriptions involving antibiotics and injections was 52.1% and 24.4%, respectively; 95.1% of drugs were generic, and 95.9% were from the essential drugs list. The most prescriptions with antibiotics (60%) and with injection (29.8%) were from Sarpol-e Zahab and Gilan-e Gharb counties, respectively (Table 1) .
We found that 32.7% of drugs were prescribed in injectable form, which includes piroxicam, dexamethasone, betamethasone and penicillin. Also, 66% of drugs were prescribed in oral form including 31.6% in the form of tablets such as metronidazole, cefixime and adult cold; 26.2% were syrups such as diphenhydramine, and 8.3% were capsules such as amoxicillin and azithromycin.
As shown in Tables 2, 14 counties of Kermanshah province were ranked based on the IRDP. Here, Sahneh at 4.02 had the best performance in terms of rational drug use. Salas-e Babajani and Javanrud are ranked second and third, respectively. The IRDP of Kermanshah's family physicians was 3.70 out of 5; that was the sum of rational use of antibiotic (0.57), safe injection (0.41), polypharmacy (0.81), generic name (0.95) and essential medicine list (0.96).
Discussion
This study investigated the prescribing patterns of rural family physicians in Kermanshah province. The results showed that the average number of drugs prescribed per prescription was 3.14, which is higher than the recommended optimum level (≤ 3). Studies in Iran have reported this index to be 2.6 to 4.11 [10, 15-17, 22, 23] . In a national study, the average number of drugs per prescription was reported to be 3.07 (for all specialties) and 3.3 for general practitioners. This is close to our findings [11] . This index was also reported in studies conducted in the Eastern Mediterranean Region 2.7 [24] , India 2.58 [25] , Sudan 2.55 [9] , Egypt 2.5 [26] , Saudi Arabia 2.4 [3] , China 2.36 [8] and in Ethiopia 2.2 [13] that were lower than our study. The average cost per prescription was 116,740 IRR. This was 35,009 in 2010 [23] and 40,903 in 2011 [11] that indicated a three-fold increase in the cost of medicines over the last five years. This could be the result of a leap in inflation between 2011 and 2014.
The polypharmacy index was 0.81, which is relatively good, but polypharmacy can increase drug side effects, patient dissatisfaction, and drug interactions. This results in discontinuation of therapy or a prolonged treatment process [4] . The average number of drugs prescribed per prescription is affected by the burden of diseases, the lack of clinical practice guidelines, the financial incentives for prescribers, the lack of continuous medical education for physicians, physician incompetence, culture, etc. [5] . Thus, different values have been reported in different parts of the world. Unnecessarily prescribed drugs may lead to financial implications for the health system. Rational drug use can prevent wasting medicine and could minimize adverse effects on the patient while reducing costs [3, 26] .
Antibiotics were prescribed in 52.1% of prescriptions, which is higher than the optimal level suggested by the WHO (≤ 30%). The results of a national Iranian study showed that 45% of patients received antibiotics [11] . This difference may be due to the regional pattern of diseases. For example, the highest incidence rate of human brucellosis in Iran was related to Kermanshah province [27] . Moreover, the results of a study indicated that the trend of antibiotic consumption in Iran is increasing [28] . The index was 48.9% in Pakistan [4] , 48.4% in China [8] , 46.8% in Africa [7] , 53.6% in the Eastern Mediterranean [24] and 54.7% in Sudan [9] , which concur with our study. The rational antibiotic prescription index was also 0.57, which indicates that the degree of rational antibiotic prescription is much lower than the optimal (1.0). Increased antibiotic resistance resulting from overuse is a major worldwide problem [29] . The irrational use of antibiotics can lead to adverse reactions, antibiotic-resistant hospital admissions, and high costs [3, 8, 26] . However, judging the irrationality of antibiotic prescription is difficult because it may be due to differences in local disease patterns.
The percentage of prescriptions containing injections was 24.4%, and the value of safe injection was 0.41. This indicated overuse of injectable drugs. The rate of prescription with injections was 27.1% in the Eastern Mediterranean region [24] , 27.1% in Pakistan [4] and 22.9% in China [8] -values that are similar to our findings. Excessive use of injections can increase the risk of bloodrelated infections such as HIV and hepatitis [8, 26] . Moreover, the costs of injection drugs are always higher than oral medicines, so overuse of injectable drugs when oral forms are more appropriate is irrational drug use [3] . Therefore, steps should be taken to reduce the use of injection, and previous studies have shown that interventions such as training physicians about safe injection can reduce the incidence of injection drug overuse [8] . Gilan-e Gharb The use of injections and antibiotics is influenced by several factors including cultural beliefs. A study in Nigeria showed that people believe that injectable drugs are more effective than oral drugs. The needle and syringe is a symbol of Western medicine in the developing world [30] . This belief is also found in Iranian society and can explain the motivation for injectable drugs. The people-especially in rural areas-believe that injections provide quicker and more complete pain relief than oral forms [4] .The patient's demand and request for faster treatment is the most important motive for the doctors to prescribe an injectable drug. Insufficient training and financial incentives for physicians are other factors [31] .
The value of the essential medicine list index was 0.96. In other words, 96% of the drugs prescribed were from the list, which is quite close to the ideal value (100%). Other values include 67.7% in China [8] , 81.2% in Sudan [9] , 88% in the Africa [7] , 90.6% in Tanzania [32] , 91% in the Eastern Mediterranean region [24] , 93% in Pakistan [4] and 92% Ethiopia [13] . This indicates that family physicians in Kermanshah performed better in this indicator. This might be because of drug legislation. The Iran Medicine List (IML) is the main base for pharmaceutical activities and prescriptions outside of the IML are banned by national law [33] . Also, in the Iran family physician program, physicians are not allowed to prescribe outside of the list, otherwise their performance bonus will be reduced. The WHO strongly recommends that prescriptions from the essential medicine list. Drugs on the list are older, practically tested, with established clinical use, and at lower cost than newer drugs [3, 26] .
We found that 95% of drugs were generics. In other regions these values are: Sudan 46.3% [9] , Eastern Mediterranean 57.1% [24] , Saudi Arabia 61.2% [3] , China 64.1% [8] , Africa 68% [7] , Pakistan 71.6% [4] and Tanzania 85.6% (27) . These all indicate that family physicians in Kermanshah was superior in using generics. The Iranian drug selection committee provides a list of generic name drugs for the IML and therefore prescription is based on generic names [33] . Medical decisions are based physicians' personal beliefs, extensive promotional activities by pharmaceutical companies, and a lack of adherence to regulations for prescribing generic drugs, all can affect this indicator [4] . The WHO highly recommends prescribing generic drugs for safety because it enables easy exchange of information and better communication between health care providers [3, 26] .
The IRDP was 3.70 compared to an optimal level of 5. This shows that 74% of the rational drug-prescribing standards were met. This was 3.32 in China [8] , 3.39 in Sudan [9] and 3.42 in India [34] . These values were lower than in our study. Some of the factors affecting the irrational prescribing include a culture of drug use, work environments, medicine supply, laws and regulations, lack of information or misinformation about drugs, prescribing habits of physicians, improper monitoring by regulatory entities, insufficient continuing education, demands of patients, and financial benefits from selling drugs [1, 4, 35] .
Limitations
This study was conducted in only one province. However, the family physician model is used in all rural areas of 
Conclusion
Analysis of drug prescription patterns can provide valuable information about potential problem areas in drug use to managers and policymakers. They can use the results to develop appropriate interventions to improve prescribing. The findings showed that some degrees of irrational drug use exists among family physicians-especially in terms of prescribing injections and antibiotics and polypharmacy. The extent to which drug consuming is irrational not easily judged. It should be judged by considering the socioeconomic characteristics of a region, as well as the diseases pattern.
Based on these findings, we recommend retraining and continuing education for physicians, residents and pharmacists regarding rational use of antibiotics and injections as well as drugs for medical indications. The use of clinical practice guidelines will help increase the rational use of medicines. In addition, we also suggest efficient and continuous monitoring of drug use. 
